Abstract -The Sesleria juncifolia calcareous grasslands in the Apulia region (southern Italy) were studied on the basis of 24 phytosociological relevés. According to UPGMA cluster analysis division and NMDS ordination the relevés were classified into four major groups which gave rise to three sub-associations (Gargano) and a geographically impoverished variant (Alta Murgia). The new association Stipo austroitalicae-Seslerietum juncifoliae ass. nova was proposed. Due to the relict and scattered distribution of Sesleria juncifolia in Apulia region, the variances in species composition amongst the different subassociations are mainly influenced by local factors. The community Stipo-Seslerietum should be included in the south-eastern Italian alliance Hippocrepido-Stipion austroitalicae while at the rank of order it exhibits intermediate coenological features between the Central-South Apennine endemic suborder Festuco-Seslerienalia nitidae and the North-West Balkan order Scorzonero-Chrysopogonetalia.
Introduction
The genus Sesleria is one of the most important South-Eastern European grass groups, especially in the mountain areas where Sesleria species often play a dominant role. Of all the various taxa belonging to this genus, the Sesleria juncifolia complex is restricted to southern Europe, where it exhibits a typically amphi-Adriatic disjunct range (Fig. 1a) composed of two different sub-units: the western Balkans (from the Italian Karst to the southern Albania) and the Apennines (from the northern Tuscany to the northern Calabria). The taxonomical debate about the overall number of taxa belonging to the Sesleria juncifolia complex has always been a critical issue (see DEYL 1946 DEYL , 1980 UJHELYI 1959; STRGAR 1981; UBALDI 2006; Sant'Angelo, Monte Calvo and Pulsano (FENAROLI 1974) . Subsequently this species was found in other sites of the Gargano area (WAGENSOMMER and DI PIETRO 2006, WAGENSOM-MER 2010) and in few isolated sites in Alta Murgia National Park (Fig. 6 ). These new records have resulted in S. juncifolia being removed from the list of endangered species at a regional level. Nevertheless, according to the subcriteria B1 (100 km 2 < EOO < 5,000 km 2 ) and B2 (10 km 2 < AOO < 500 km 2 ) and to the option »a« (7 locations in the whole region) of the IUCN rules (IUCN, 2006) , in the Apulia region Sesleria juncifolia is to be considered as a species at risk of becoming »endangered« (according to the IUCN »B« criterion S. juncifolia is: NT B1+2ab iii).
During field research into the ecology and conservation of the rare species of Gargano National Park (DI PIETRO and WAGENSOMMER 2008) , several dry grasslands communities dominated by S. juncifolia were found (green squares in Fig. 2 ). In the present research some new S. juncifolia communities stands were also identified (the red squares in Fig. 2 ). Because the occurrence of these Sesleria juncifolia communities was unknown to Italian botanists, no phytosociological data were available on this topic in Italian botanical literature. The presence of S. juncifolia communities in Apulia is a very peculiar fact, especially considering the prominent role of the Mediterranean climate in the region, the low altitudes of the main Apulian ranges (Mount Cornacchia, 1,151 m, is the highest regional peak) and their isolation from the other mountainous massifs of the Apennines. In fact the Gargano and Alta Murgia S. juncifolia communities are those that exhibit the longest distance as the crow flies from the nearest other S. juncifolia population occurring in Peninsular Italy (Fig.  1b) . The geographical isolation of Gargano and Alta Murgia areas sums up to the lithological and ecological isolation of these areas which is due to the occurrence of large silty--clayey plains which surround the Gargano and Alta Murgia limestone systems. The aim of the present paper is to provide a phytosociological description of the Apulian Sesleria juncifolia communities and to make a floristic, coenological and syntaxonomical comparison with the similar Sesleria juncifolia communities described so far for the Italian and the Balkan peninsulas.
Study area
The study area is divided into two parts: Gargano promontory and Alta Murgia plateau (Fig. 2B ). The promontory of Gargano, known as the »spur« of the Italian peninsula, is a succession of broad plains and low-lying hills jutting into the Adriatic Sea from the east coast of Italy, in Foggia province. It is 65 km long and 40 km at its widest, with an area of about 2,100 square km and it acts as an island emerging from the Tavoliere plain. Mount Gargano is composed entirely of limestone, surrounded by terraces of various geologic periods. The highest peak is Mount Calvo (1,065 m), while the only other peaks exceeding one thousand meters are Montenero (1,014 m) and Mount Spigno (1,008 m). The intense karst activity affecting the limestone bedrock leads to the superficial water drainage being restricted to torrential rivers, while the coastal lakes (Lesina, and Varano) in the north-western side of the promontory are very important. According to BLASI (2003) the Apulian Sesleria juncifolia sites are included in the following phytoclimatic units: Dry Meso-Mediterranean; Subhumid Meso-Mediterranean; Humid/Subhumid Mesotemperate ( Fig. 2A) . The potential vegetation of Gargano is almost completely composed of oak woodlands DI PIETRO R., WAGENSOMMER R. P. (Quercus ilex, Q. pubescens, Q. cerris) except for the important site of »Umbra Foresta« which is covered by a wide beech forest and of pine woods along the coasts. The Sesleria juncifolia communities are restricted to the southern slope of Gargano, which is characterized by the presence of deep vertical valleys (Vallone di Pulsano, Valle dell'Inferno, Valle del Surdo, etc). The Alta Murgian relief is a wide limestone plateau included in the territory of Bari and Barletta-Andria-Trani provinces and it is the core of the Alta Murgia National Park, which covers an area of about 680 square kilometres. The bedrock is formed by Cretaceous limestone usually covered with Pleistocene calcarenite and this geological character has determined a lot of karstic phenomena represented by swallow holes, dolinas, poljes. The highest peaks are Torre Disperata (686 m) and Mount Caccia (680 m). The deep changes caused by the human action have shaped the physiognomy of the original vegetation to the extent that it is impossible or very difficult to carry out a precise and certain analysis of the potentialities of this territory. At present the Alta Murgia Park is marked by very extended steppe-like grasslands which in the 92/43/EEC Directive are for the most included in the prior Habitat 62A0 (Eastern sub-mediterranean dry grasslands), and for a minor part in the other prior Habitats 6220 and 6210.
Materials and methods
The study was carried out via a phytosociological and statistical analysis of relevés of dry grasslands with the dominance of Sesleria juncifolia performed in Apulia region (south-eastern Italy). Subsequently a phytogeographical and phytosociological comparison with the literature data regarding the Sesleria juncifolia communities of the rest of Italy and of the western Balkan Peninsula was provided. Twenty-four relevés, according to the BRAUN-BLANQUET (1964) approach, were performed in May [2007] [2008] [2009] . All the cover data were recorded according to the Braun-Blanquet scale and transformed into the scale proposed by VAN DER MAAREL (1979) and NOEST et al. (1989) . A matrix of 24 relevés × 148 species was subjected to a divisive hierarchical classification (using the chord distance algorithm to produce the dissimilarity matrix and the minimum variance linkage as agglomeration criterion on quantitative data) and to NMDS ordination (Syn-tax 2000 package, PODANI 2001 . Four main types of vegetation were distinguished from a coenological point of view and a syntaxonomical assignment was subsequently proposed. Moreover a synoptic table composed of the frequency columns of all Sesleria juncifolia s.l. associations described in Italy and in the western Balkans (On-line supplement appendix 4; Fig. 1c ) was prepared and subsequently subjected to cluster analysis using the same statistical procedures mentioned above. In order to attenuate the influence of the high cover/abundance values of the grasslands' guide species, in the cluster analysis procedures the various taxa belonging to the Sesleria juncifolia complex were reported under the single collective name of S. juncifolia s.l. Owing to the thermophilous character of the Apulian communities, comparison with the Balkan Sesleria juncifolia communities was restricted to those associations which showed similar ecological features. On the contrary the S. juncifolia communities belonging to the Elyno-Seslerietea class and occurring in the subalpine and alpine belts of the Balkans were not included in this comparative cluster analysis. For the identification of plant taxa the diagnostic key published in LICHT (2008) was used. The nomenclature of the taxa follows CONTI et al. (2005) and Euro+Med PlantBase, whilst life form and chorotype systems follow PIGNATTI (1982) . Life form and chorological analyses consider whether a particular species occurs or not in a cluster (normal values), its frequency (frequency values), and its cover values (cover). The physiognomical role of each species was investigated by calculating its specific cover index (BRAUN-BLANQUET 1964) . In naming the phytosociological syntaxa, we adhered to the rules contained in the third edition of the International Code of Phytosociological Nomenclature (ICPN) (WEBER et al. 2000) .
Results

Phytosociological relevés
The dendrogram resulting from the hierarchical classification (Fig. 3) highlighted two main clusters: cluster »A« included the S. juncifolia communities of Gargano promontory, while cluster »B« included the residual impoverished Sesleria juncifolia communities of the Alta Murgia area. Cluster »A« is subdivided into two further subclusters. Subcl. A 2 includes the Sesleria grasslands occurring within the steep slopes of the Pulsano gorge. Subcl. A 1 includes the Sesleria grasslands placed at higher altitude. In particular, cluster A 1-1 includes the grasslands of the top of Mount Calvo while cluster A 1-2 is related to the summit area of Mount S. Angelo. The result of the cluster analysis was confirmed by the NMDS ordination (Fig. 4) , although no any correlation between axis and environmental parameters was identified.
The geographical isolation from the rest of the Sesleria juncifolia communities occurring in the Apennines and in the Balkans have resulted in the Apulian Sesleria juncifolia dry grasslands developing very peculiar floristic and coenological features for which none of the syntaxa already published is suitable at present. For this reason we propose the new association:
Stipo austroitalicae-Seslerietum juncifoliae Di Pietro et Wagensommer ass. nov hoc loco Holotypus: rocky outcrops emerge from a matrix composed of limestone debris. This subassociation is developed at the lowest altitude (400-520 m). The characteristic species of this subassociation are Genista michelii, Centaurea subtilis and Satureja cuneifolia, whose distribution in the Gargano area is almost only restricted to this habitat type.
Stipo austroitalicae-Seslerietum juncifoliae helianthemetosum apennini Di Pietro et Wagensommer subass. nov hoc loco. Holotypus: Tab. 1, rel. 13 As this sub-association is restricted to the top of Mount Calvo, the highest summit of Gargano, it is the aspect of Stipo-Seslerietum which is developed at the highest altitude (exceeding 1,000 m) and which best exhibits the physiognomical features of a typical dry grassland (Fig. 5b) . Although it is mainly developed on rocky habitats, it can also be found on flat surfaces where Bromus erectus can play a co-dominant role together with Anthyllis vulneraria subsp. rubriflora and Plantago holosteum. The characteristic species of this sub--association are Helianthemum apenninum, Plantago holosteum and Medicago prostrata. 
Stipo austroitalicae-Seslerietum juncifoliae impoverished form
The Alta Murgia Sesleria juncifolia communities exhibit a floristic composition slightly different from that of the Gargano communities due to the presence of some endemics or amphi-Adriatic species the distribution of which is restricted to southern Apulia and the southern Balkans (e.g. Hellenocarum multiflorum, Euphorbia nicaeensis subsp. japygica). This fact, however, does not change the coenological and biogeographical features of the community as well as this does not allow the use of any other syntaxonomical references than Stipo-Seslerietum. The sporadic occurrence of Sesleria juncifolia populations in Alta Murgia restricted to a few isolated rocky outcrops has led us to classify these communities as an impoverished variant of Stipo-Seslerietum rather than as a distinct sub-association.
Synoptic columns
Sporadic species in synoptic table 4 are listed in the Online supplement appendix 3; the associations included are listed in the Online supplement appendix 4.
As far as the synoptic table is concerned, the dendrogram resulting from the hierarchical classification of the selected S. juncifolia associations (Fig. 8) highlighted two main clusters: cluster »A« which includes the S. juncifolia communities of the subalpine and the alpine belt of the Apennines and cluster »B« which includes the associations of the hilly and the montane belt of both the Apennines and the western Balkans. Cluster B exhibits a further division in sub-cluster B1, which includes most of the Apennine and Balkan associations, and sub-cluster B2, which is restricted to two associations (the Apulian Stipo-Seslerietum and the Dalmatian Salvio-Seslerietum). A further subdivision of the subcluster B1 separates the Apennine (B1a) from the Balkan communities (B1b).
Discussion
Most of the phytosociological literature concerning the Gargano grasslands has discussed the steppe-like vegetation (especially dominated by Stipa austroitalica) of the limestone plateaus (FORTE et al. 2005 , TERZI et al. 2010 or the chasmophytic communities rich 184 ACTA BOT. CROAT. 73 (1), 2014 DI PIETRO R., WAGENSOMMER R. P. (BRUNO and FURNARI 1966; BIONDI et al. 1988; PETRICCIONE and PERSIA 1995; BIONDI et al. 1999 BIONDI et al. , 2004 BLASI et al. 2003 BLASI et al. , 2005 (CATORCI et al. 2007 ). Notwithstanding their physiognomical similarities, the Apulian Stipo-Seslerietum and the Marches Seslerio-Stipetum are easily distinguishable from a floristic point of view due to the presence of a significantly higher Mediterranean component in the Apulian association (Tab. 2). The cluster analysis of the synoptic table (Fig. 8) including most of the Sesleria juncifolia s.l. associations described for both sides of the Adriatic Sea (Fig. 1c) reports the geographical location of these associations) -shows that Stipo austroitalicae-Seslerietum is clearly separated from the Sesleria juncifolia s.l. associations described for the subalpine and upper montane belts of the Italian Peninsula (Seslerion apenninae; cluster A) whereas it is included in the cluster which encompasses the central and southern Apennine Sesleria juncifolia associations belonging to the Festuco-Brometea class (cluster B). The thermophilous As mentioned before, one of the most distinctive characters of Stipo-Seslerietum is that of exhibiting a percentage of therophytes which is significantly higher than those found in the other Sesleria juncifolia associations (Tab. 3). The presence of a strong Mediterranean therophytic component, however, is also a diagnostic character of the alliance Hippocrepido-Stipion austroitalicae in comparison with other similar alliances (Cytiso-Bromion, Satureion subspicatae, Scorzonerion villosae), and this supports our decision to choose it as syntaxonomical reference. It is more complicated to identify a proper reference at the rank of order. Koeleretalia splendentis which was proposed by HORVATI] (1973) for separating Mediterranean from the temperate steppe-like grasslands (Scorzoneretalia villosae) would be suitable both in physiognomical and bioclimatic terms but it was subsequently reported to Scorzonero-Chrysopogonetalia, and, for a minor part, to Cymbopogono-Brachypodietalia. Owing to the impossibility of including Stipo-Seslerietum in Cymbopogono-Brachypodietalia, or in any other Thero-Brachypodietea syntaxon (as reported in figure 7 ) the presence of a high number of therophytes in Stipo-Seslerietum is not accompanied by an equally important role in terms of cover percentages), the choice necessarily falls upon Scorzonero-Chrysopogonetalia, although there still are many unsolved questions concerning the coenological and syntaxonomical features of this order and many doubts on the possibility that its distribution area could be extended to the southern Italy. 
Conclusion
The description of Stipo austroitalicae-Seslerietum juncifoliae is a step towards filling a gap in the phytosociological knowledge of the Apulian vegetational pattern and in defining the syntaxonomical and distributional framework of Sesleria juncifolia communities in Peninsular Italy. This association is unusual in peninsular Italy in being located at significantly lower altitudes than the other Sesleria juncifolia communities and in its Mediterranean bioclimatic context. Although several amphi-Adriatic species occur in this association the floristic similarities with the thermophilous S. juncifolia communities occurring in the western coastal side of the Balkan Peninsula are rather low. In syntaxonomical terms Stipo-Seslerietum has been included here in the southern Italy endemic alliance Hippo- 
